Psychoacoustic research in the field of concert halls has revealed that many aspects concerning listening perception have yet to be totally understood. On the one hand, the objective room acoustics of performance spaces are reflected in parameters, some standardized and some not, but these are related to a limited number of perceptual attributes of human response. In general, these objective parameters cannot accurately Secondly, hierarchical clustering produces the classification of survey questions in 7 hierarchical classes. On the other hand, a lack of tuning between objective parameters and perceptual responses is observed on applying MDS analysis to the ordination of the venues from a subjective assessment and a subjective-objective assessment. Finally, although the results show the mismatch between objective parameters and subjective responses, a model of subjective global evaluation of the acoustics of the room from data of three orthogonal acoustic parameters is implemented, revealing a reasonably good fit.
Mismatches between objective parameters and measured perception assessment in room acoustics: a holistic approach Salvador Cerdá a 
Introduction
Research in the subjective domain of the room acoustic experience is an essential aspect for intervention and design of halls for speech and music, and over the years a variety of techniques have been applied for the presentation of sound fields to individuals, all of which possess certain limitations. In the two basic methodologies of field measures (questionnaire or interview surveys for concert-goers, expert listeners or musicians) and laboratory experiments (presentations of recordings from halls or audible simulations to the listeners), the former lacks flexibility and control of the independent variables and the latter lacks fidelity. However, in both cases, multidimensional statistical analysis is required since it corresponds to data which involves listening experiments with test subjects.
Numerous listening experiments in real rooms and simulated sound fields over past years [1, 2] have established a certain number of perception attributes of sound fields and as a result of consensus they have been described in objective measures included in standards [3, 4] . The diversity of acoustic design of a room and the complexity of human perception and acoustic information relating to a room justify the effort put into the research that analyzes correlations between objective measures (whether standardized or not) and the listening experiments of the acoustic comfort in concert venues. The consistency of the results in many studies validates this procedure for the investigation of the quality of the acoustic field in concert halls and the search for new, individually raised attributes [5] .
By deliberately omitting certain pieces of research in the laboratory [5, 6] regarding concert halls and subjective studies of music perception in other architectural spaces [7, 8] , the focus is centred on certain pieces of work from the two last decades, which, similar to this study, refer to live concerts. In this way, and in agreement with earlier studies using dummy-head recordings, from the results carried out in two concert halls, Sotiropoulou et al. [9, 10] identified, through correlation analysis, that the subjective factor body correlated with the low frequency C 80 index, and that proximity correlated with the total-sound level and source-receiver distance. Cox et al. [11] also studied the acoustic quality of the Royal Festival Hall in London by using questionnaires. From the comparison of these responses with the measured objective parameters, they found, among other conclusions, that there was a correlation between subjective loudness, subjective liveliness and sound level, and that the balance between the soloist and the orchestra was correlated to C 80 and T S parameters. In addition, in 23 opera houses from 11 countries, Hidaka et al. [12] measured room acoustical parameters: reverberation time T, early decay time EDT, clarity factor C 80 , bass ratio BR, strength G, interaural cross-correlation coefficient IACC, and initial-timedelay gap ITDG under unoccupied conditions, which were analyzed for reliability and orthogonality. The experimental results were also related to the subjective responses of the questionnaires mailed to conductors in order to establish optimal ranges of the parameters;
by executing multiple regression analysis, the authors demonstrate the importance of ) and ITDG for the approximation of the acoustical quality of opera houses.
Likewise, Farina [13] researched the correlations between experimental measures (12 parameters) and subjective evaluations in order to find the acoustical parameters which are strongly related to the subjective judgments of acoustic comfort for listeners in opera houses in Italy. Statistical analysis by using multiple linear regressions between acoustic parameters and subjective pairs revealed very low coefficients of the correlations, and hence these results were used to create another, more refined questionnaire.
In this paper, the first method of subjective assessment is used, whereby the questionnaire is completed by the concert audience either during or shortly after the concert itself, in order to study the acoustic perception of a wide range of performance venues in the regions of Valencia and Andalusia, Spain, and their relationship with physical data by statistical methods. The process of depuration, refinement and statistical validation of the questionnaire used has already been published previously [14] , based on the results obtained in various regions of the country, and where the different points of view of respondents [15] have also been assessed. Along this line, recent work has been carried out by Galiana et al. [16] .
Multidimensional scaling (MDS) [17] encompasses a collection of methods which allow insight to be gained into the underlying structure of relations between entities by providing a geometrical representation of these relations. As such, these methods belong to the more general category of methods for multivariate data analysis. Multidimensional scaling can be characterised by the generality of the type of observed relations that can be submitted to the data analysis on the one hand, and by the specificity of the type of geometrical representation of these relations on the other hand. Any type of relation between a pair of entities that can either be translated into a proximity measure or, conversely, into a dissimilarity measure, can also be considered as possible input for multidimensional scaling. The choice of the particular type of spatial representation can be considered to be the most important part of the "modelling", and is applied together with a specific MDSalgorithm on the set of proximities. In the field of room acoustics, these techniques have been utilized in concert audition assessments [18] , and more recently for a variety of purposes: to assess the perceptual similarity between auralizations, using both measured and simulated binaural room impulse responses [19] ; for perceptions of double-slope decay profiles from auralized impulse responses of virtual hall configurations [20] ; and for subjective evaluations with auralizations from on-site room impulse responses [21] .
This paper presents four contributions to the field of acoustic studies of concert halls. First, 16 concert halls are measured (following ISO 3382-1 standard), and perceptively evaluated by using questionnaires in real concerts. Second, the correlations between mean values of objective parameters and mean values of the items of the questionnaires are studied. Third, the data analysis is further developed by including both the multidimensional scaling analysis (MDS) of questionnaires and the effects of objective parameters of the 16 concert halls surveyed. Finally, a preference-rating formula using objective data is developed.
In line with the above, this paper is organized as follows. The procedures to measure objective parameters and the methodology of the subjective evaluation using surveys are reviewed first. The main results of the correlation analysis of subjective surveys and objective acoustic parameters are then shown. In addition, all data is analyzed in order to ascertain the links between objective and perception data. And finally, the preference rating is explained based on the objective data.
Experimental procedures
Measurements were carried out in two regions of Spain, one in an eastern community, Valencia, and the other in the south, Andalusia (see the map in Fig. 1 The methodology used in the surveys was also the same: a relatively unchanged group of experts for each region, consisting of music lovers, final-year students from the music conservatory, and music teachers, was placed in locations chosen in advance so that all parts of the seating area would be covered; the experts exchanged seats during the intermissions, and these seats coincided with the positions of the microphones for the objective acoustic measurements. Written questionnaires specially developed for this purpose [14] were completed during or immediately after hearing a live concert of symphonic music in the official programme of the concert hall. For concert-goers, the questionnaires, headed with an explanation of the aim of the research, were distributed at the entrance of the concert, and were collected at the exit.
Researched halls
The study was carried out in 16 theatres and auditoriums, from two Spanish autonomous communities: 8 halls in Valencia and 8 halls in Andalusia (see Fig.1 ). The most relevant data for these studied halls is shown in Fig. 2 
Objective measurements
In each hall, 18 objective parameters of acoustic quality descriptors are determined following the protocol of the ISO-3382-1 standard [3] , and are spectrally averaged at each reception point, in accordance with said standard [3] and with the suggestions made by certain authors, as shown in Appendix A. The spatial averaging is achieved over the spectrally averaged values for each receiver position, and all measurements are accomplished in the unoccupied room and stage. Table 1 shows these mean values (single value) for each room, and Fig. 3 compares the variability of the results of the parameters in the halls. The data confirms that there is diversity in the halls studied in the sample. In this presentation, the acoustic parameters which assess speech intelligibility are deliberately omitted since the questionnaire refers to the perception of classical music in concert halls. 
Subjective responses
For the analysis of the response to the subjective acoustic experience, 1284 surveys, completed during or immediately after the concert by music experts (not in room acoustics) and the general public are considered. The whole survey consists of 58 questions previous study of analysis and statistical validation of the survey concluded that these two types of answers can be used interchangeably [12] . Details of the audited concerts in each hall are shown in Appendix C; where two concerts were surveyed in the same hall, these are separated by a horizontal line.
In Fig. 4 , the averages of the responses to the questions are presented for each concert hall, and results show that the pattern is almost identically repeated in all performance places.
Statistical results and discussion
The aim of this work is to study the relationships between objective acoustic parameters measured in the room with the survey responses, which measure the quality of perceived acoustics of that room. Since objective parameters are used to physically characterize the acoustic quality of the room, with this study it can therefore be demonstrated which objective parameters and which survey questions are more relevant when performing a sound assessment of the rooms.
SPSS v19.0 software [24] was used for this study and various types of analysis were performed. As a first analysis, the correlations between the mean values of the items in each room with the averages of the objective parameters in each room were studied, as
given in the sets of data from Tables 1 and 2 . The Pearson correlation coefficient with bilateral significance test was used as an indicator. This type of analysis also appears in [13] . The application of techniques of hierarchical and multidimensional scaling (MDS) [17] to the same set of data of the halls provided the second type of analysis. Advantages of using MDS compared to other multivariate techniques include:
• Data can be measured on any scale, while in factor analysis, it must be measured as an interval or ratio.
• It provides solutions for each individual, which is impossible in factor analysis and in cluster analysis. This treatment enables the comparison of the assessments of each room since objective parameters and/or subjective assessments can be included.
• The researcher does not need to specify the variables to use in the comparison of objects, which is central to factor analysis and cluster analysis, thus preventing the influence of the researcher in the analysis.
• Solutions provided by MDS are typically of smaller dimensionality than those provided by factor analysis.
• Distances between all points can be interpreted directly, whereas in correspondence analysis only distances between rows or between columns can be directly deduced.
A hierarchical analysis of the survey items has primarily been performed, thus obtaining a geometric interpretation of the statistical associations between the averages of the responses. By repeating the analysis but this time including the objective parameters though MDS, the statistical effects can be seen geometrically and it can be found which group of objective parameters points in the same direction as the clusters of subjective parameters obtained previously. Finally, following a methodology similar to that developed in a previous study [25] , a model of the degree of preference from orthogonal objective parameters is provided [26] .
Correlations between survey items and objective parameters
Initially, the correlation between the mean objective parameters and the mean value of the answers of the questionnaire of the halls analyzed are assessed: data from Tables 1 and 2 .
Those correlations with statistical significance are considered (p<0.05). However, within this group, only results for the values of the r-Pearson coefficient greater than or equal to 0.5 (in absolute value) are selected. This threshold is chosen since it would imply that at least a 25% variation of a variable would be influenced by the variation of the other variables. It can be seen that question C21 (rate the acoustics of the room overall) presents no correlations higher than this cut-off with any parameter, the highest correlations are with Br, EDT mid and T mid , with values ranging between 0.43 and 0.47. Given the importance of this issue, the two best correlations are considered even if they do not reach the cut-off of 0.5 (in absolute values).
In this regard, Fig. 5 depicts the set of correlations that satisfy the above criteria. This plotted graph shows that various parameters are correlated positively while others are correlated negatively with the survey items. From this representation, objective parameters were grouped into four categories with the criterion that the sign of the correlation coefficient is the same for all elements in the group, and that they have common acoustic features. Three of the studied parameters, ITDG, G 125 , and G mid , show no correlation with any question of the questionnaire. In the case of spatiality, the observed average correlation coefficient is -0.63. In the case of clarity-balance, this is -0.56. For parameters that have shown positive correlations, the envelopment group has an average of 0.53, while the group parameter of reverberation has an average correlation coefficient of 0.59. These averages are representative because the clustering is performed taking into account the sign of the correlations. Figure 5 shows the groups of objective parameters and the items with which they correlate.
Likewise, the items of the questionnaire have been grouped according to the subjective aspects they value: impressions made of the concert, impressions related to the sound, and impressions about subjective size, spectral balance, clarity and overall perception. The transversality between the two groups of objective parameters and the subjective aspect evaluated can be noted perfectly. Hence it can be noted that spatiality parameters correlate with items included regarding impressions of the concert, impressions on subjective size, spectral balance, clarity and overall perception. Clarity parameters correlate with questions included in concert impressions, sound impression, impressions about subjective size, frequency balance, and overall perception. Paradoxically these parameters show no correlation with those questions whose aspects are directly related to subjectively evaluated clarity. On the other hand, objective parameters grouped under envelopment correlate with aspects related to concert impression, clarity and overall acoustic perception.
Finally, parameters grouped under reverberation correlate with questions which include concert impression, sound impression, subjective size impression, and overall perception.
It deserves mention that question C21, which asks the listeners to evaluate the acoustic quality of the hall as a whole, shows no significant correlation. Those which show correlation correspond largely to parameters of reverberation.
The above provides evidence of the complexity of room acoustics and of its future needs together with the defects observed, as also indicated in [21, 27] . Therefore, either a redefinition of the parameters (integration time, averaged over frequencies) is required, or new parameters that correlate specifically and that are orthogonal with subjective aspects (bi-orthogonality) must be found. One interesting approach is provided by the study of impulse responses from a viewpoint of time-frequency analysis proposed by Pätynen et al. [28] . On the other hand, every aspect that ISO 3382-1 specifies or omits to specify in the determination of acoustic parameters [29] should be checked, as should the effects of the type of excitation in the perception of the subjective characteristics [30] .
Multidimensional scaling I: survey items
Multidimensional scaling (MDS) is a technique for the analysis of the similarity or dissimilarity of data on a set of objects. This technique attempts to model such data as distances between points in a geometric space. The main reason for doing this is that a graphical display of the structure of the data is desired; one that is much easier to understand than an array of numbers and, moreover, one that displays the essential information within the data, smoothing out noise [31] . Multidimensional scaling is used as a technique for data exploration and as a methodology for the discovery of psychological dimensions hidden within the data.
As a first approach to recognizing the hidden structures, hierarchical clustering [32] is used. Hierarchical clustering methods require no selection of the number of clusters to be searched and/or a starting configuration assignment. Instead, they require the user to specify a measure of dissimilarity between (disjoint) groups of observations, based on the pairwise dissimilarities between the observations in the two groups. As the name suggests, Thus, a first grouping was performed with agglomerative hierarchical clustering (AHC) based on Euclidean distances, i.e., each data vector starts in its own cluster, and pairs of clusters are merged as one moves up the hierarchy. The clustering is carried out in conjunction with Ward's minimum variance method, i.e., the squared Euclidean distance between data vectors. Figure 6 presents the dendrogram obtained. Table 3 shows in detail the questions in each group found in the hierarchical structure (dendrogram). It also includes the scores for each item in the two-dimensional space obtained by multidimensional scaling. These scores are taken into account when analyzing the obtained clusters. The first conclusion that can be drawn is that the structure of initial headings listed in the survey (Fig. 5 and It is possible to compare these results with those obtained from other authors in preceding work. Hawkes and Douglas [18] found four to six individual factors in their studies that involved listening to real symphony orchestras in situ (Reverberance, Evenness (Balanced and Blend), Intimacy, Definition, Enjoyment and Brilliance). Soulodre and Bradley [33] found that preference correlated best with Clarity and Treble, but also to Loudness.
Sotiropoulou et al. [9, 10] found that ordinary concert-goers describe their acoustical experiences with Body (full-bodied, full, voluminous), Clarity (clear, distinct), Tonal quality (of smooth tone, of rich tone), and Proximity (near, enveloping). And Lokki et al. [5, 21] , found Clarity, Definition, Reverberance, Envelopment/Loudness, Bassiness, Proximity and a group named Undefined, by using agglomerative hierarchical clustering on elicited attributes.
The main innovation in our paper is that with well-established terms (Reverberance, Intimacy, Definition, Frequency balance, Bassiness), terms of a more generic nature are included, such as Sound Impression and Concert Impression. These latter terms are a combination of questions that use a more specific vocabulary. This concept is in accordance with the vast majority of authors, who consider that subjective assessments cannot be explained individually with one or several objective parameters and that studies of a more comprehensive nature are necessary in order to determine the relative importance of each of the subjective components of sound quality of concert halls and their related objective measures [27] . On the other hand, the perception of concert hall acoustics is complex and multidimensional by nature: individuals have different tastes and preferences, in such a way that the descriptions of perceptual attributes of halls can be ambiguous [5] .
Multidimensional scaling II: objective and survey items
The clusters obtained in the previous section can also be presented geometrically by using the ALSCAL module from SPSS software [24] . ALSCAL is one of the current MDS modules in SPSS, and differs from other MDS programs in minimizing S-Stress rather than Stress, thereby fitting squared distances to squared dissimilarities. In both cases they are a measure of the fit, ranging from 1 (worst possible fit) to 0 (perfect fit). SPSS software provides both S-Stress and Stress [31] . The test is considered significant for Stress values lower than 0.2.
In Fig. 7 , each group of features is depicted in the two-dimensional space obtained by MDS. In order to study the relationships between the averages of the responses to the questions and of the objective parameters, the common factorial space is computed with all data to ascertain the relationships between subjective and objective parameters. Since the differences between variables with very high ratings may cancel out the differences between those variables with low scores, we opted for the usual process of
As shown in Fig. 8 , in general, objective parameters are not aligned with features obtained in MDS from averages of the surveys. At a glance the following four ratings can be established by looking at each quadrant of the obtained two-dimensional space.
1. In the first quadrant, only objective parameters mainly related to clarity appear.
2. In the second quadrant, the objective parameters of spatiality and strength, and the subjective feature Bassiness appear. Multidimensional scaling analysis also enables the evaluation of rooms in the twodimensional space deduced from the variables. This analysis can be carried out by using the subjective assessments and adding the objective parameters. In order to compare the results, MDS analysis of the standardized variables is performed. Figure 9 shows the results of MDS analysis of the halls by using the subjective responses exclusively (red dots), and then by jointly analyzing subjective responses and objective parameters (blue squares). To better illustrate the effect of the inclusion of the objective parameters, a line connecting the various situations in the same room is drawn. In Fig. 9 , this effect is clearly visible since the rooms reposition depending on whether they are represented on the MDS plane of subjective characteristics, or on the combined plane of subjective characteristics and objective parameters.
This effect can be interpreted to indicate that objective data does not match well with subjective data, since in this joint analysis the objective data pulls the data points in different directions to those of subjective data; in the same manner as occurs in [21] .
However, it can be seen that, but for only three exceptions, halls always remain in the same quadrant (the most remarkable exception being that of the Maestranza Theatre (TM)).
Hence we will use the interpretation of the quadrants that was done a little earlier to interpret Fig. 9 . As also shown in Fig. 9 , several rooms suffer some notable variations. The greatest variation occurs in the case of the PPV room, followed by TM, TUM, TLV, APC, and PAM halls. This would indicate that the relationship between subjective responses and objective parameters is weaker in these rooms. When analyzing the overall assessment in these rooms, it can be observed that, by considering the three quality groups A, B and C according to the average rating of question C21, the halls that suffer the largest deviations belong to these three groups. This fact can be interpreted to mean that, since those subjective factors that fail to match the objective parameters do not depend on the prestige of the room, therefore there is a real deficiency between objective parameters and subjective assessments.
On analyzing quadrant by quadrant, it can be observed that the halls of the first quadrant are differentiated by Concert impression when evaluated only subjectively, but they are differentiated by the objective parameters of clarity, Br, G 125 , and IACC L3 when evaluated subjectively and objectively. In the second quadrant, subjective evaluation is differentiated by Intimacy, Frequency balance and Definition, and when evaluated jointly, by Bassiness and spatial and strength parameters. In the third quadrant, as for a purely subjective evaluation it is differentiated by Bassiness and Reverberance, but if objective parameters are included, then reverberation parameters and the majority of subjective characters (Intimacy, Definition, Frequency balance, Reverberance, Concert impression) appear.
Finally in the fourth quadrant, by using MDS of subjective items, these are differentiated by Sound impression, and by also including objective parameters, then this feature remains together with IACC E3 , BR, and ITDG. Since changes of quadrants are unusual, these results can be interpreted as indicating that the subjective parameters that appear in the first analysis in each quadrant work similarly to those obtained in each quadrant of MDS, which are the combination of subjective assessment and of subjective-objective parameter assessment. It is concluded from this analysis, as in the correlation study carried out in Section 3.1, that although correlations between subjective assessments and objective parameters do exist, these correlations are not too high or, as shown in Fig. 8 , subjective characteristics are not perfectly aligned with the objective parameters in the MDS analysis.
This also follows the variation of the representation of the halls in the MDS space of subjective response when incorporating the objective parameters in the MDS analysis. This result is consistent with that of the work of Lokki et al. [21] , in which a virtual orchestra is used as source [5] and the assessment is performed by an expert panel, whereby the procedure prescribed by ISO 3382-1 is not followed and the response to a real concert is not evaluated. It is concluded that although the benefits of using a virtual orchestra are undeniable since it is a source closer to reality, if the standard procedure is used with an omnidirectional source, a large number of measurements for averaging the objective parameters, and surveys to concert-goers, then the results are similar. Moreover, this method presents a significant advantage for the simplicity and repeatability of the procedure.
Model of subjective quality based on orthogonal objective parameters for halls for classical music
The most elaborate theory on the value of the subjective quality of a room from objective parameters is the "Theory of Subjective preference" devised by Ando [34] . The presentation of this theory by Beranek [35] provided the starting point for the development of the Ando-Beranek model, as laid out in [25] . This model was obtained by a linear combination of orthogonal objective parameters [26, 36] 
under the condition -1/3 < S AB < 0 as a condition of good acoustic quality for a concert hall for classical music.
In the previous sections it has been observed that although there are correlations between the objective parameters and the subjective assessments, these are generally weak.
Furthermore, no correlation appears between the average overall ratings by respondents and the objective parameters. Even though this can be interpreted as the result of a lack of new parameters or of modifications of existing parameters for better results [27] , the methodological approach followed in [22] is maintained by seeking the best combination of orthogonal objective parameters [26, 36] that correlates with question C21, which is used to establish the ranking of halls. Although, in Eq. (1), T mid , J LFC4 , and LEV [37] orthogonal parameters are used, in the first work on reducing parameters [26] , it was observed that, given the correlation between BQI (Binaural quality index, BQI= (1-IACC E3 ) and J LF , a potentially successful selection of orthogonal parameters could be T mid , IACC E3 , and LEV. This selection is more appropriate this time according to the result of MDS analysis with the groups of attributes and the objective parameters (Fig. 8 ), since these three objective parameters lie in the three quadrants that contain subjective characteristics. In order to proceed with the idea of achieving an explanation of the overall subjective satisfaction of a room through objective parameters, the corresponding line of linear regression is determined: 
By calculating the SQ parameter of each room, the Kendall-tau correlation [37] between C21 and SQ can be calculated. At this point, the variation of each SQ coefficient is proposed and the effect this variation has on the corresponding Kendall-tau correlation is observed.
Originally the Kendall-tau coefficient between C21 and SQ was 0.52. By means of the process of variation of parameters, the coefficient of Kendall-tau is now optimized with the expression: 
The new SQK parameter has a 0.6 Kendall-tau coefficient. This improvement entails a slightly smaller coefficient of linear correlation between C21 and SQK (0.67). In Fig. 10 , C21, SQ, and SQK values for the halls ordered by the SQK parameter are shown. As can be appreciated in Fig. 10 , the majority of rooms show an average response of overall assessment of the room, C21, which lies within the range determined by SQ and SQK.
There are only two halls with C21 values that vary greatly from those obtained for SQ and SQK. These halls, APC and GTC, receive a very low evaluation in question C21. By analyzing the responses reached in the survey for these halls following a grouping by factors as achieved in [14] , it can be seen that, in the APC case, there is a low score in factor F1: Pleasantness of the overall sound in the hall. In the case of the GTC hall, the low score is for factor F3: Overall perception of the orchestra. These facts are corroborated by comments from the technical staff of the halls, who, supported by general public opinion, estimate that some structural modifications are needed. However, objective parameters obtain good results with the proposed model, which indicates that sociological factors can affect the overall assessment of the halls.
This section can be concluded since, through multi-linear analysis and a method of optimization of Kendall-tau correlation, it has been possible to construct two parameters, SQ (Eq. 3), and SQK (Eq. 4), which enable the prediction of an interval of the subjective overall assessment of a hall from the T mid , IACC E3 , and LEV parameters. This interval successfully works for all halls except in the case of two particular theatres whose overall assessment of acoustics is very low.
Conclusions
In this work, correlations are studied between subjective evaluations, obtained by means of questionnaires given to the general public and music experts during real concerts in various halls of Spanish territory, and averages of the most commonly used acoustic parameters. This lack of tuning between objective parameters and subjective assessments can also be appreciated on applying MDS analysis to the ordination of halls. When analyses are carried out with respect to subjective evaluations, and the analyses are repeated regarding joint subjective-objective evaluations, then halls suffer displacements within the bi-dimensional space defined by MDS. Nonetheless, as a general rule, these displacements maintain halls in the same quadrant.
Finally, since the overall assessment of halls (question C21) fails to present any good correlation with any specific acoustic parameter, the methodology applied in [25] has been followed in order to obtain combinations of orthogonal objective parameters [26, 36] 
B67
Blurred (the individualized sounds of the musical execution are confused and mixed The concert heard in this hall produces the sensation that the music is… B71 Smooth, the contrary would be rough B72 Exciting (predominance of high sounds and a loud level), the contrary would be calm B73 Balanced, the contrary would be distorted B74 Loud (loud sound), the contrary would be weak B75 Pleasant, the contrary would be unpleasant B76 Light, the contrary would be dense 
